The phenotypic diversity of about 200 bacterial strains isolated from soil was compared with the genotypic diversity of the same population. The strains were phenotypically characterized by the API 20B test system. The results of these tests were subjected to cluster analysis, which revealed 41 biotypes at 80% similarity. The five dominating biotypes contained 43% of the strains. The phenotypic diversity as determined by the Shannon index, equitability, rarefaction, and cumulative differences was high, but indicated some dominant biotypes.
Microbial diversity has been analyzed mainly by methods revealing phenotypic features (1) . The phenotypic approach has several limitations. One is that bacterial strains have to be isolated from the biotype and cultivated in the laboratory before phenotypic testing can be performed. Another is that only a restricted part of the genetic information is revealed through phenotypic testing. To reveal information about the entire genetic material, it is necessary to investigate the genome in a more direct manner. A diversity measure based on the genetic composition of the organisms will also make it possible to measure the diversity of the nonculturable part of various bacterial communities.
Britten and Kohne (3) have demonstrated how reassociation of denatured (single-stranded) DNA can be used to determine the genome sizes of different organisms, i.e., the amount of distinct DNA that is present in an organism. Variants of the same principle have also been suggested for defining genetic (phylogenetic) relationships between organisms (19) .
In a taxon-oriented study of diurnal fluctuations in river bacteria, Holder-Franklin et al. (7) compared numerical taxonomy and DNA homology by hybridization methods, but to our knowledge this is the only study in which DNA comparisons have been used in population analysis.
Reassociation studies of genomes have so far been performed only with mixtures of DNA from a maximum of two organisms present. In this work we have explored whether reassociation of denatured DNA from a mixture of organisms can be used to obtain a measure of genotypic diversity in a bacterial plate count population. For comparison, the population was analyzed phenotypically, and a variety of diversity parameters have been calculated.
MATERIALS AND METHODS
Soil type. The soil in a natural beech forest at Seim, about 20 km north of Bergen, Norway, was sampled. Samples from the humic layer (0 to 20 cm) were mixed and air dried at 22°C for 30 h. The soil was then sieved (mesh size, 4 mm) prior to analysis. The following results were obtained after air drying; soil organic matter, 49% of the dry weight; water content, 213% of the dry weight; pH in distilled water, 4.1. These values are all quite typical for soils in western Norway. The direct bacterial count obtained by using acridine orange was 1.5 x 1010 g (dry weight) of soil-', and the plate count was 4.3 x 107 g (dry weight) of soil-' on Thornton medium (18) with 10% soil extract.
Isolation of bacterial strains. A 10-g (wet weight) soil sample was homogenized at low speed (three times for 1 min each) with 90 ml of sterile-filtered, cold Winogradsky salt solution diluted 1:20 (12) in a sterile Waring blender. Samples (0.1 ml) of 10-fold dilutions were spread on plates containing Thornton medium with 10% soil extract. The plates were wrapped in plastic bags (to retain moisture) and incubated at 22°C for 8 days. Then 250 isolates from the 10-4 dilution were picked randomly (all colonies from one and one-half plates) and subcultured on the same medium three times. The isolates were then assumed to be pure. Some strains failed to grow after a few transfers to new plates, and some were microscopically determined to be yeasts. Altogether 187 strains were phenotypically characterized, and 206 strains were included in the genetic analysis.
Test system. The isolates were examined by the API 20B test system (API 2040; API System S.A., Montalieu-Vercieu, France). The following tests were used: proteolysis of gelatin (GEL); action of nitrate reductase (NIT); action of P-galactosidase ( Cluster analysis of all isolates was performed as described by S0rheim et al. (17) . Proximity was measured by using the simple matching coefficient (16) , and clusters were grouped by the complete link (farthest-neighbor) method (8) . Clusters showing >80% similarity were defined as a biotype. This corresponds to four characters separating the biotypes.
Rarefaction was performed by the method of Simberloff (14) . The method is a theoretical rarefying of a population on the basis of number of biotypes and the number of isolates belonging to each biotype. The program allows an estimation of the expected number of biotypes in a sample of a given size.
The Shannon index, H' (13), was calculated (log2) on the basis of biotypes defined in the cluster analysis. The equitability, J (11), was also calculated. In addition, H' was calculated for subsamples of the 187 isolates. This was to compare the phenotypic diversity with the genotypic diversity revealed by reassociation of DNA (see below). First, a cluster analysis was performed for five isolates. After addition of the next five isolates, a new cluster analysis was performed. Addition of new isolates continued until cluster analyses had been performed on all isolates. The shannon index was calculated from the biotypes identified among the different subsamples.
Determination of genotypic diversity. Under appropriate conditions (e.g., cation concentration, temperature, length of fragments, and concentration), the reassociation rate of DNA depends on the concentration of homologous DNA (10) . The reassociation of single-stranded DNA follows a second-order reaction, in which the rate, k, is proportional to the square of the concentration of homologous DNA. For a constant total DNA concentration, the reassociation rate will thus be an inverse function of DNA diversity. Britten and Kohne (3) introduced the term C0412 as an expression of genomic size; CO denotes the molecular concentration of base pairs in single-stranded DNA at the start of the experiment, and t1l2 denotes the time in seconds when half of the DNA has reassociated (COt112 = k-1). They could demonstrate that the C0t112 value of DNA isolated from one species is proportional to the genome size of this species if there are no repeating DNA sequences.
The fraction of DNA which remains single stranded at any time after initiation of reassociation is given by Britten et al. (2) as C/Co = 1/(1 + kCot) (1) where C is the concentration of single-stranded DNA at any time and t is the reaction time in seconds.
When the reaction is half completed (i.e., C/CO = 1/2), Cot is termed Cot112 and equation 1 can be written as 
NUMBER OF STRAINS
The ratio between the cumulative difference ( Fig. 1) (Table 3 ). Only two gram-positive isolates belonged to the dominant biotype. The rest were spread among six of the nondominant biotypes. Figure 3 shows rarefaction of the population. At a sample size of 40 isolates, the estimated number of biotypes was 21, which is half the maximal number of biotypes in the popu- lation. The maximal number was not reached before the sample size was near maximum. This results from the skewing of the population. The diversity of the population was high and gave a Shannon index of 4.73. The equitability was 0.88, indicating the presence of some dominant biotypes.
The Shannon index on subsamples of the original population (Fig. 4) showed a rapid increase with increasing population size, until a near-maximal value was obtained at approximately 90 isolates, whereafter the curve flattened out. This demonstrates that the diversity as measured by the Shannon index would have been equally high with 90 isolates as with 187. The rather high values of the Shannon index, combined with the shape of the curve, also illustrate that the population is composed of many biotypes, some of which are more dominant than others.
Typical reassociation curves are presented in Fig. 5 . The experiments were performed until approximately 50% of the DNA had reassociated. Reassociation curves can be plotted as the inverse concentration of nonreassociated DNA against the time (in seconds) of the reassociation (20) ideal second-order reaction would then appear as a straight line. The three curves in Fig. 5 C0t112 increased with increasing numbers of isolates until it approached a maximum when about 90 isolates were blended (Fig. 6 ). This implies that the heterogeneity of the DNA in dominant bacterial types in the population is observed in the first 90 isolates. Any DNA variation in bacterial However, it must be assumed that in a mixture of randomly sampled environmental bacteria, parts of the genomes of some bacteria are homologous. This will result in a lower C0t112 than if the genomes of these bacteria were totally different from each other. C0t412 will therefore normally underestimate the number of different bacteria in the mixture. It has been proposed that bacterial species should be defined as having about 70% homologous DNA (19 
